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OPTICAL DISK RECORDING DEVICE
WHICH DETECTS PRE-PIT DISTRIBUTION
AND SHIFTS RECORDING POSITION
ACCORDINGLY

CROSS-REFERENCE TO RELAT
APPLICATION

gs
w

This application 1s based upon and claims the benefit of

priority from the prior Japanese Patent Application No. 2006-
174087, filed on Jun. 23, 2006, the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE

INVENTION

1. Field of the Invention

The present invention relates to a recordable optical disk
recording device. In particular, it relates to detection of a
recording position shift, control of a recording operation, and
control of a recording position during recording of informa-

tion onto an optical disk having pre-pits, such as DVD-R/RW.

2. Background Art

Recently, various kinds of rewritable optical disk media,
such as CD-R/RW, DVD-RAM, DVD-R/RW and DVD+R/
RW, have appeared on the market.

Such optical disks already contain address information
used as positional information for data recording, and user
data 1s recorded on the disks using the address information.

For example, as for the DVD-R/RW, conventionally, there
have been proposed an optical disk that has information
recording tracks 1n guide grooves wobbling at a predeter-
mined period and pre-pits formed at predetermined intervals
on regions (lands) between the grooves, and a recording
device that controls the rotation of the optical disk based on
wobble signals detected from the grooves and controls the
recording position based on pre-pit signals detected from the
pre-pits (see Japanese Patent Laid-Open Publication No.
9-326138, for example).

The pre-pit 1s referred to also as land pre-pit because the
pre-pit 1s formed on the land.

According to this conventional technique, even if the track
pitch 1s narrow, accurate address information and disk rota-
tion control information can be obtained.

Unlike DVD-RAM, according to this conventional tech-
nique, address information 1s not placed in the form of pits at
the leading edges of sectors 1n the information recording track
(in other words, no address pit exists in the groove forming
the recording track). Therefore, high-density recording 1s
possible, discontinuity of the recording information because
of the address information 1s avoided, and the compatibility
with read-only disks 1s high.

When recording user data on a DVD-R/RW, new data may
be recorded following previously recorded data (incremental
writing). In this case, according to the related standard, the
precision of placement of the recorded data should fall within
+] byte. If the precision 1s not achieved, the previously
recorded data 1s overwritten and becomes unable to be read,
and the reproduction stability 1s degraded because of the gap
between the previously recorded data and the newly recorded
data.

Thus, the user data to be recorded on the DVD-R/RW has
to be always kept 1n an appropriate positional relationship
with pre-pits. Therefore, means of detecting a recording posi-
tion shift during recording or a process of stopping the record-
ing or recovering the recording position to the original posi-
tion based on the detection result 1s quite important.
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2

In addition, there has been disclosed a technique of gener-
ating recording clock signals from a reproduced wobble sig-
nals so that variations of disk rotation can be followed when

recording modulated data on an optical disk, such as DVD-
R/RW (see Japanese Patent Laid-Open Publication No. 2001 -

357620, for example).

However, such an optical disk has a narrowed track pitch in
order to perform high-density recording. As a result, a leak-
age from grooves adjacent to a track 1rradiated with a light
beam, or a so-called crosstalk, cannot be ignored. If a
crosstalk from an 1nner or outer adjacent groove occurs, the
wobble signal interferes with the wobble signal component
from the adjacent track, and the amplitude and phase thereof
varies. In the case where the wobble signal 1s used for con-
trolling the recording position, particularly i1f a phase of the
wobble signal varies, the recording position cannot be con-
trolled with a sufficient precision.

As for CD-R/RW or the like, conventionally, there has been
used a method of recording data on the disk using clock
signals of a fixed frequency generated by a quartz oscillator or
the like. However, this method 1s not suitable for high-density
disks, such as DVD-R/RW, because variations of disk rotation
cannot be followed.

To the contrary, pre-pits are arranged so that the pre-pits do
not intertere with each other, and therefore, the positions of
the pre-pits on the optical disk can be accurately detected
from the pre-pit signals detected from the pre-pits, and the
recording position can be precisely controlled.

However, the format of pre-pits 1s complicated because of
the relationship between EVEN frames and ODD frames, the
presence of four kinds of bit patterns, and the like as described
above. Furthermore, during recording, the pre-pit signals
themselves may be unable to be stably reproduced because of
high noise level. Theretore, 1t 1s quite difficult to generate a
stable recording clock according to the condition of detection
of the pre-pits.

There has been proposed a recording position controlling
method using pre-pits (see Japanese Patent Laid-Open Pub-
lication No. 2004-95081, for example).

According to this conventional techmique, in order that
variations of disk rotation can be followed to some extent, a
recording clock 1s generated based on wobbles, and recording
1s performed according to the recording clock. And 1n order to
compensate for variations of wobble phase described above,
the difference in phase between the address information gen-
erated by the modulating circuit and the pre-pit detection
information 1s detected during recording, and the phase dii-
ference information 1s fed back to the recording clock. In this
way, the correct recording position 1s stably maintained.

The phase difference detection according to the conven-
tional technique described above 1s performed 1n the follow-
ing two methods, for example.

A first method 1involves detecting the phase difference with
a channel bit precision from the relationship between the
modulated address information and the detected pre-pit posi-
tion within one wobble and controlling the recording position
to converge.

In this first method, a wobble signal may be missed due to
a scratch or the like during recording, and the locked wobble
output from the wobble PLL may slip in the lag or advance
direction.

Typically, for example, 1n order to avoid the effect of such
a scratch, the presence of the scratch 1s detected based on the
envelope detection of wobble signals, and the PLL 1s held for
the missed wobble signal based on the scratch detection
result.
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However, the capability of holding the PLL 1s limited to
some extent, and particularly 1n the case of DVD-R/RW, the

wobble 1s modulated 1n phase as described above. Therelore,
the phase at the start of holding itself may be shifted from the
center thereof, and a wobble slip 1s likely to result.

As described above, the recording clock 1s basically gen-
erated form the locked wobble, and therefore, 1f a wobble slip
occurs, the recording position 1s shifted by one wobble.

According to the first method, 1 a recording position shift
occurs due to such a wobble slip, the recording position
control 1s performed with respect to the pre-pit at the position
shifted by one wobble. Thus, the one-wobble-shifted state 1s
maintained.

On the other hand, a second method mvolves detecting the
phase difference between the sector SYNC position indicated
by the modulated address information and the sector SYNC
position detected by the pre-pit decoder with a byte precision
in order to address the recording position shift exceeding 142
wobble that occurs when a wobble slip occurs, which 1s a
problem with the first method.

According to this method, since the phase difference 1s
detected based on the modulated address, the address for the
pre-pit decoder, and the counter value for each sector, the
elfective control range 1s expanded to 14 sector.

As a result, if a wobble slip described above occurs, the
amount of the shift caused thereby 1s detected, so that the
recording position control 1s performed, and the recording
position 1s gradually recovered to the correct position during,
recording. In this example, the phase difference exceeding +1
frame 1s clipped to prevent increase of the amount of 1nfor-
mation.

However, according to the second method, the address
counter for pre-pit decoding has to operate normally. Thus, 1t
1s a prerequisite that the pre-pits can be precisely read during
recording.

In order to achieve the prerequisite, synchronization con-
ditions of synchronizing counters have to be stably assured.
For example, as for sector synchronization, the SYNC pat-
terns have to be continuously obtained.

In addition, the reliability of pre-pit decoding has to be
high. Pre-pit data, which 1s composed of 8 bits for each sector
(excluding the relative address), 1s added with a predeter-
mined error correcting parity. Parity calculation 1s performed
based on the obtained data, and 1f the calculation result 1s
correct, 1t can be determined that the phase relationship
among the synchronizing counters 1s correct.

However, during recording, the power of the laser light
source varies according to whether to form a recording mark
or not (that 1s, to form a space), so that the pre-pit signal
amplitude also varies according to whether the laser forms a
mark or a space. Furthermore, since the pre-pit signal 1s at a
high frequency, it 1s difficult to distinguish the pre-pit signal
from noise when the laser forms a space, and the pre-pit signal
amplitude 1s low.

Therefore, 1t 1s difficult and impractical to stably and accu-
rately detects a pre-pit.

SUMMARY OF THE INVENTION

According one aspect of the present invention, there 1s
provided: an optical disk recording device that detects a shiit
of the recording position with respect to an optical disk,
comprising a pre-pit distribution detecting circuit that detects
the distribution of pre-pits for a plurality of wobbles based on
binarized pre-pit signals obtained by binarizing pre-pit sig-
nals corresponding to pre-pits on said optical disk and a
wobble counter value obtained by counting said binarized
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4

pre-pit signals in synchromization with a locked wobble,
which 1s a wobble signal having a period corresponding to a
wobble on said optical disk and fixed 1n phase; and a wobble
slip determining circuit that compares the distribution of said
pre-pits detected by said pre-pit distribution detecting circuit
and a reference pre-pit distribution corresponding to a desired
recording position, thereby determining the shift amount of
the recording position with respect to said desired recording
position for each wobble.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing a configuration of essential
parts of an optical disk recording device according to an
embodiment of an aspect of the present invention;

FIG. 2A 1s a diagram showing a relationship among
wobble addresses, an EVEN frame and an ODD frame;

FIG. 2B 1s a diagram showing presence or absence of a
pre-pit 1n eight wobbles;

FIG. 2C 1s a diagram showing a DVD-R/RW sector format;

FIG. 3 1s a diagram showing a configuration of essential
parts ol the wobble PLL circuit 26 in the optical disk record-
ing device 100 according to the embodiment;

FIG. 4 1s a diagram showing a slice level and a result of
slicing of the pre-pit signal described above;

FIG. 5 1s a diagram showing a configuration of essential
parts of the pre-pit decoder 27 of the optical disk recording
device 100 according to the embodiment;

FIG. 6 1s a diagram showing outputs ol components of the
pre-pit decoder shown 1n FIG. 5;

FIG. 7 1s a diagram for 1llustrating detection of a recording,
position shift in one wobble according to the embodiment;

FIG. 8 1s a diagram showing a configuration of essential
parts of the recording clock generating circuit 30 of the opti-
cal disk device 100 according to the embodiment;

FIG. 9 1s a ttiming chart for illustrating an operation of
reflecting information about a recording position shiit within
one wobble (/2 wobble) 1n the recording clock phase;

FIG. 10 1s a diagram showing a configuration of essential
parts of the pre-pit decoder 27, the pre-pit distribution detect-
ing circuit 103 and the wobble slip determining circuit 104;

FIG. 11 1s a timing chart showing output waveforms of
components of the pre-pit distribution detecting circuit 103;

FIG. 12A 1s a bar graph showing “WBA[7:0]SUM” values
in a case where the slice level for the pre-pit signal 1s appro-
priate;

FIG. 12B 1s a bar graph showing “WBA[7:0]SUM” values
in a case where the slice level for the pre-pit signal 1s appro-
priate;

FIG. 12C 1s a bar graph showing “WBA[7:0]SUM” values
in a case where the slice level for the pre-pit signal 1s appro-
priate;

FIG. 13 A 1s a bar graph showing “WBA[7:0]SUM” values
in a case where the slice level for the pre-pit signal 1s high;

FIG. 13B 1s a bar graph showing “WBA[7:0]SUM” values
in a case where the slice level for the pre-pit signal 1s high;

FIG. 13C 1s a bar graph showing “WBA[7:0]SUM” values
in a case where the slice level for the pre-pit signal 1s high;

FIG. 14 A 1s a bar graph showing “WBA[7:0]SUM” values
in a case where the slice level for the pre-pit signal 1s low;

FIG. 14B 1s a bar graph showing “WBA[7:0]SUM” values
in a case where the slice level for the pre-pit signal 1s low;

FIG. 14C 1s a bar graph showing “WBA[7:0]SUM” values

in a case where the slice level for the pre-pit signal 1s low;
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FIG. 15 shows a wavelorm of the locked wobble and
wobble counter values (“WBA[2:0]”) 1n a case where the
wobble signal 1s not normally reproduced due to a scratch or

the like;
FIG. 16 1s a timing chart showing temporal changes of the

“WBAJ7:0]SUM” values 1n a case where no wobble slip
OCCUTS;

FIG. 17 1s a timing chart showing temporal changes of the
“WBAJ7:0]SUM” values 1n a case where a wobble slip occurs
in the lag direction;

FIG. 18 1s a timing chart showing temporal changes of the
“WBA][7:0]SUM” values 1n a case where a wobble slip occurs
in the advance direction;

FIG. 19A 1s a timing chart showing operations of the
recording position correction for each channel (within one
wobble) described above and the recording position correc-
tion based on the wobble slip determination in a case where a
wobble slip occurs 1n the lag direction;

FIG. 19B 1s an enlarged diagram of parts of FIG. 19A;

FIG. 19C 1s an enlarged diagram of parts of FIG. 19A;

FI1G. 19D 1s an enlarged diagram of parts of FIG. 19A;

FIG. 20A 1s a timing chart showing operations of the
recording position correction for each channel (within one
wobble) described above and the recording position correc-

tion based on the wobble slip determination in a case where a
wobble slip occurs 1n the advance direction;
FI1G. 20B 1s an enlarged diagram of parts of FIG. 20A;
FI1G. 20C 1s an enlarged diagram of parts of F1G. 20A; and
FIG. 20D 1s an enlarged diagram of parts of FIG. 20A.

DETAILED DESCRIPTION

An optical disk recording device according to the present
invention momtors the distribution of pre-pits within a
wobble every a predetermined number of wobbles during
recording of a DVD-R/RW, for example. Thus, even 1n a
situation where the probability of detection of pre-pits 1s
relatively low, a recording position shift with respect to the
optical disk due to a scratch or the like can be detected for
cach wobble.

Furthermore, 11 the optical disk recording device described
above detects a recording position shift, the optical disk
recording device adjusts a recording clock to stop recording,
or recovering the recording position to the correct position
without stopping recording. Thus, overwriting of recorded
data or a gap 1n the recording area can be prevented from
occurring during incremental writing, and the data reliability
can be ensured.

In the following, an embodiment of the present invention
will be described with reference to the drawings.

Embodiment

FIG. 1 1s a diagram showing a configuration of essential
parts of an optical disk recording device 100 according to an
embodiment of an aspect of the present invention.

As shown 1n FIG. 1, the optical disk recording device 100
has an optical disk 11, a pick-up 12 that emits laser light to the
optical disk 11 and reads the reflection light, a matrix ampli-
fier 15 that calculates and generates a pre-pit signal, a wobble
signal and a servo error signal from a reproduction signal
from the pick-up 12, and a servo controlling circuit 16 that
controls operations, such as focusing and tracking, of the
pick-up 12 based on the error signal.

The optical disk recording device 100 further has a disk
motor 71 that drives the optical disk 11, a laser driving circuit
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235 that drives a laser of the pick-up 12 based on a recording
signal, and a disk motor controlling circuit 29 that controls the
rotation of the disk motor 71.

A quadrant photodetector 1n the pick-up 12 1s divided nto
four, A, B, C and D faces.

For recording, recording information output from a host
computer 75 1s input to a modulating circuit 24 through a data
buifer RAM 22, a data buifer circuit 21, a correcting RAM 20,
and a parity generating circuit 23.

The modulating circuit 24 modulates the recording data
based on a recording clock according to a recording format,
which will be described below, and outputs the modulated
recording data.

Now, an exemplary positional relationship between pre-
pits and wobbles (a recording format) will be described.

FIG. 2A 1s a diagram showing a relationship among
wobble addresses, an EVEN frame and an ODD {frame. FIG.
2B 1s a diagram showing presence or absence of a pre-pit 1n
cight wobbles. FIG. 2C 1s a diagram showing a DVD-R/RW
sector format.

Wobbles are formed to have a period equivalent to 186
channel bits, and a pre-pit 1s formed at a position correspond-
ing to the top of a wobble and has a length equivalent to
several channel bits (FIG. 2A). In the DVD-R/RW format,
one SYNC frame 1s composed of 1488 channel bits or 8
wobbles. The pre-pit can exist 1n the first three wobbles of the
eight wobbles (FIG. 2B).

Now, with reference to FIG. 2C, a DVD-R/RW sector
format will be described. One sector 1s composed of 26
frames. Pre-pits exist in every two frames and typically exist
only in EVEN frames. However, in order to avoid interference
with an adjacent track, pre-pits may exist in ODD frames so
that pre-pits on the mnner side and pre-pits on the outer side
don’t overlap.

Typically, a sector synchronization pattern for pre-pits
exists 1n a frame 0, which 1s an EVEN frame (EVEN SYNC).

However, i1 there 1s a possibility that a cross-talk with an
adjacent track occur as described above, the sector synchro-
nization pattern for pre-pits exist in a frame 1 rather than the
frame 0 (ODD SYNC pattern).

Similarly, a data pattern indicating address information or
the like about pre-pits (bit 0 or 1) exists only in EVEN frames
of frames 2 to 25. The data pattern may also exist in ODD
frames 1f there 1s a possibility that the pre-pit positions in the
EVEN frames overlap with the pre-pit positions 1n an adja-
cent track.

That 1s, one sector contains one pre-pit SYNC pattern and
12-bit pre-pit data pattern. Of the 12 bits of the data pattern,
the first 4 bits represent a 4-bit sector address, which repre-
sents sector address information (relative address) 1n the 16
sectors forming one ECC block.

Pre-pit information data 1s composed of the remaining 8
bits of the 16 sectors (that 1s, 16 bytes), and an address value
1s assigned to each ECC block.

In addition, as shown 1n FIG. 1, the laser driving circuit 25
adjusts the laser power based on the input modulation signal
to form a mark or space on the optical disk 11.

The matrix amplifier 15 generates a push-pull signal from
the result of subtraction of reproduction signals 1n the track-
ing direction obtained from the quadrant photo detector 1n the
pick-up 12. The push-pull signal i1s passed through a band
pass lilter (BPF) having a narrow band frequency character-
istic centered on a predicted frequency (about 140 kHz for a
normal speed) to generate a wobble signal. Furthermore, the
push-pull signal 1s passed through a high pass filter (HPF)
capable of extraction on the order of several channels to
generate a pre-pit signal.
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The wobble signal 1s input to a wobble PLL circuit 26, and
the PLL arrangement generates a stable locked wobble.

FIG. 3 1s a diagram showing a configuration of essential
parts of the wobble PLL circuit 26 in the optical disk record-
ing device 100 according to the embodiment.

As shown 1n FIG. 3, the wobble PLL circuit 26 has a

binarizing circuit 26a that receives and binarizes the wobble
signal, a phase comparator 265 that receives the output of the
binarizing circuit 26a and the locked wobble and outputs a
signal, a loop filter 26¢ that filters the output of the phase
comparator 26c, a voltage controlled oscillator (VCO) 26d
that outputs an oscillation signal according to the output of the
loop filter 26¢, and a frequency divider 26¢ that divides the
frequency of the output of the voltage controlled oscillator
26d and outputs the locked wobble.

In addition, as shown 1n FIG. 1, a pre-pit decoder 27 out-
puts a binarized pre-pit signal based on the pre-pit signal
output from the matrix amplifier 15.

FIG. 4 1s a diagram showing a slice level and a result of
slicing of the pre-pit signal described above. As shown in FIG.
4, since the high frequency component of the pre-pit signal 1s
not removed, the pre-pit signal has a waveform containing,
certain noise component due to the effect of user data (radio
frequency (RF) signal). The pre-pit decoder 27 can generate
the binarized pre-pit signal by slicing the pre-pit signal at a
predetermined level as shown by the waveform (binarizing).

The pre-pit decoder 27 outputs a wobble counter value
based on the locked wobble mput from the wobble PLL
circuit 26 (stable wobble clock locked to the PLL) and the
binarized pre-pit signal.

Now, an operation of the pre-pit decoder 27 will be
described 1n detail.

FIG. 5 1s a diagram showing a configuration of essential
parts of the pre-pit decoder 27 of the optical disk recording,
device 100 according to the embodiment. FIG. 6 1s a diagram
showing outputs of components of the pre-pit decoder shown
in FIG. S.

An operation of each component will be first described. It
1s determined whether a binarized pre-pit exists within one
clock of locked wobble. If a pre-pit exists within a locked
wobble, the pre-pit decoder 27 generates “1” as a result of
decoding. If no pre-pit exists within a locked wobble, the
pre-pit decoder 27 generates “0” as a result of decoding.
Synchronizing counter for pre-pit decoding makes a count
according to the locked wobble. The counter 1s composed of
three counters, a wobble counter 27a, a frame counter 27h and
a sector counter 27¢ in ascending order of significance. A
binarizing circuit 274 slices the pre-pit signal. The output of
the binarizing circuit 274 1s output as the binarized pre-pit via
an mverter 27e.

A whole operation will now be described. As shown in FIG.
6, first, three wobble periods 1n which the wobble counter (0
to 7), the lowest-significant counter, provides values “0” to
“2” are aligned with the three wobble positions where a
pre-pit can exist.

Then, the SYNC pattern, which 1s a bit sequence
“11100000” (EVEN SYNC) or bit sequence 11000000
(ODD SYNC) based on the presence or absence of a pre-pit
for each wobble, 1s detected. Then, the value of the frame
counter (0 to 25), the middle significant counter, 1s adjusted to
be “0”” 11 the EVEN SYNC pattern 1s detected or to be “1” 11
the ODD SYNC pattern 1s detected.

Then, sector pointer information (relative address) repre-
sented by 4 bits of pre-pits obtained during 8 frame periods 1n
which the frame counter value 1s “2” to “9”” 1s decoded from
a bi1t-0 pre-pit bit pattern (“10000000”) or a bit-1 pre-pit bit
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pattern (*101000007"), and the value of the sector counter (0 to
15), the most significant counter, 1s adjusted.

Synchronization 1s achieved by the procedure described
above to ensure synchronization protection in case where a bit
pattern, a SYNC pattern or a sector pointer does not appear at
a desired position due to a scratch, noise or the like. In the
steady state, each counter operates as shown 1n FIG. 6. In this
state, the pre-pit data (16 bytes) formed for each ECC block 1s
decoded.

By previously setting an upper limit number of times of the
synchronization protection, the synchronization protection 1s
released and re-locked when a mistracking, a PLL slip of a
locked wobble or the like occurs.

In addition, as shown in FIG. 1, the RF signal output from
the matrix amplifier 15 1s output to the host computer 75
through a demodulating circuit 18, an error correcting circuit
19, the correcting RAM 20, the data buifer circuit 21 and the
data buifer RAM 22.

On the other hand, during recording, recording data from
the host computer 75 1s input to the modulating circuit 24
through the data buffer circuit 21, the data butfer RAM 22 and
the parity generating circuit 23.

The modulating circuit 24 performs a modulation on the
recording data with a parity added thereto to generate a modu-
lated signal and outputs the modulated signal to the laser
driving circuit 25.

The laser driving circuit 25 drives a recording laser to write
the recording data to the optical disk 11. The error correcting
circuit 19, the data butler circuit 21 and the parity generating
circuit 23 operate in synchronization with a clock output from
the signal processing clock PLL 32.

The modulating circuit 24 operates 1n synchronization with
a recording clock generated by a recording clock generating
circuit 30. The recording clock generating circuit 30 gener-
ates the recording clock based on the wobble clock output
from the wobble PLL circuit 26 (the locked wobble obtained
by fixing the phase of the wobble signal having a period
corresponding to the wobble of the optical disk 11).

A servo-system error signal output from the matrix ampli-
fier 15 drives a feeding motor 14, and a tracking actuator and
a focus actuator 1n the pick-up 12 via the servo controlling
circuit 16 and a driving circuit 17.

The pre-pit decoder 27 generates a recording start timing
signal from the decoded pre-pit information and outputs the
recording start timing signal to the modulating circuit 24.

The modulating circuit 24 determines the recording start
timing based on any of the recording start timing signal based
on the pre-pits mput from the pre-pit decoder 27 described
above and a recording start timing signal obtained from pre-
viously recorded data input from the demodulating circuit 18.

A disk motor controlling circuit 29 selects any of a repro-
duction synchronization signal, a locked wobble and an FG
signal and compares the selected signal and a predetermined
frequency division signal from a quartz oscillator 76. Based
on the comparison result, the disk motor controlling circuit 29
outputs a signal to a disk motor driver 28 to control the disk
rotation by a disk motor 71.

The optical disk recording device 100 further has a pre-pit
distribution detecting circuit 103 that detects the distribution
of pre-pits for a plurality of wobbles based on the binarized
pre-pit signal obtained by binarizing the pre-pit signals cor-
responding to the positions of pre-pits on the optical disk 11
and the wobble counter value obtained by counting the bina-
rized pre-pit signals in synchronization with the locked
wobble and a wobble slip determining circuit 104 that deter-
mines the amount of the shift of the recording position for
cach wobble with respect to a desired recording position by
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comparing the pre-pit distribution detected by the pre-pit
distribution detecting circuit 103 and a reference pre-pit dis-
tribution corresponding to the desired recording position.

The optical disk recording device 100 further has a phase
difference generating circuit 101 that produces a sawtooth
wave each of whose unit waves corresponds to the address
value assigned to one wobble according to the recording
clock with reference to the time of start of recording (a
counter value associated with the wobble phase that is
obtained by dividing the frequency of the recording clock and
counting the frequency-divided recording clocks) and an 1n-
wobble recording position shift detecting circuit that holds
the counter value 1n synchronization with the binarized pre-
pit signal and detects the shift of the recording position based
on the held counter value.

The optical disk recording device 100 further has a record-
ing position controlling circuit 105 that outputs, to a system
controller 31, a signal for controlling the recording clock
generating circuit 30 (recording clock control information) or
a signal for stopping the recording to the optical disk (record-
ing position shiit information), for example, based on at least
any of the result of the determination by the wobble slip
determining circuit 104 and the result of the detection by the
in-wobble recording position shift detecting circuit 102.

The recording position controlling circuit 1035 outputs the
signal for controlling the recording clock generating circuit
30 1n the case where the wobble slip determining circuit 104
determines that no recording position shift occurs for each
wobble and the in-wobble recording position shift detecting,
circuit 102 detects a recording position shift. Thus, the
recording clock generating circuit 30 corrects the phase of the
recording clock to correct the recording position to a desired
recording position.

Now, a process of the recording position shiit of the optical
disk 100 configured as described above will be described.

First, detection of a recording position shiit in one wobble
(£/2 wobble) will be described. FIG. 7 1s a diagram for
illustrating detection of a recording position shift in one
wobble according to the embodiment.

According to the method of detecting a recording position

shift in one wobble, the phase difference of a sawtooth wave
1s detected with a channel bit precision from the relationship
between a modulated address and a detected pre-pit position
in one wobble. And the recording position 1s controlled to
converge 1n the directions indicated by the arrows i FIG. 7.

As described above, the modulating circuit 24 shown 1n
FIG. 1 generates the recording start timing signal (the timing
1s typically the leading edge of an ECC block) based on the
demodulation information about the pre-pit or recording data.
When the phase difference generating circuit 101 recerves the
recording start timing signal, the phase difference generating,
circuit 101 starts frequency division of the recording clock by
186.

Then, the phase difference generating circuit 101 generates
a sawtooth wave shown in FIG. 7 (which corresponds to the
address values —93 to +92) with such a phase that the physical
positions of the wobbles agree with the modulated addresses,
that 1s, the recording positions in the format of the optical disk
(the phase difference 1s =93 to +92).

The in-wobble recording position shift detecting circuit
102 holds the phase of the sawtooth wave iput thereto 1n
synchronization with the binarized pre-pit signal, thereby
obtaining recording position shift information.

In order to enhance protection 1n case of erroneous pre-pit
detection, the sawtooth wave for obtaining the phase differ-
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ence mformation may be generated only 1n the three wobble
periods 1n which a pre-pit can occur and be masked 1n the
remaining periods.

The recording position shift information 1s obtained each
time a pre-pit occurs. In order to enhance protection in case of
erroneous pre-pit detection, the information may be thinned
out by using only the result for the pre-pit that exists 1n the
leading one of every 8 wobbles, for example.

In addition, a window (£8 channels, for example) may be
provided 1n the obtained phase diflerence information, and
the phase difference information in the window may be
masked. This 1s because the detection result cannot be always
“07, so that an oscillation can occurs 1f the detection result 1s
ted back to the phase of the recording clock.

The detection of a recording position shift in one wobble1s
conducted only based on the detected pre-pit position. There-
fore, the address information obtained by the pre-pit decoder
for each wobble described above 1s not necessary.

As a result, even if the pre-pit detection probability 1s
relatively low, the recording position can be controlled stably
as Tar as the number of erroneous detections 1s low.

However, 1f the recording position shift exceeds x4
wobble, the recording position that has to converge to the
point “A” 1 FI1G. 7 1s controlled to converge the point “B” or
“C”, which are the top of the adjacent wobbles. Thus, the
clifective range of the recording position control 1s +l%
wobble.

By the configuration and operation described above, shift
information for each channel i1s obtained as the recording
position shift information.

In the obtained recording position shift mnformation for
cach channel bit, a phase modulation of the wobble signal 1s
reflected although it 1s not necessary to stop the recording.
Thus, an operation to recover the recording position to the
correct position has to be performed.

Now, an operation of reflecting the recording position shiit
information in the recording clock phase will be described.

FIG. 8 1s a diagram showing a configuration of essential
parts ol the recording clock generating circuit 30 of the opti-
cal disk device 100 according to the embodiment.

As shown 1n FIG. 8, the recording clock generating circuit
30 has an adder 30a that receives a frequency division set
value from a microcomputer at one input and the recording
position control information at the other input, a PLL circuit
306 connected to the adder 30qa, and a frequency divider 30c¢
that recerves the locked wobble and outputs a signal obtained
by dividing the frequency of the locked wobble to the PLL
circuit 306. Although the frequency division set value from
the microcomputer 1s shown as “a multiple of 186 in FIG. 6,
the frequency division set value actually varies with the type
of the disk, the recording speed or the like.

The PLL circuit 306 has a voltage controlled oscillator
(VCO) 304 that outputs a clock, a frequency divider 30e that
divides the frequency of the output clock, a programmable
counter 307 that recerves a frequency division correcting sig-
nal output from the adder 30a and the frequency-divided
output clock, a phase comparator/charge pump 30g that
receives the output of the programmable counter 30f at one
input and the output of the frequency divider 30c¢ at the other
input, and a loop filter 30/ that interconnects the voltage
controlled oscillator 304 and the phase comparator/charge
pump 30g.

The frequency divider 30c¢ divides the frequency of the
locked wobble.
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The phase comparator/charge pump 30g outputs a voltage
proportional to the phase difference between the clock output
from the programmable counter 30/ and the clock output from
the frequency divider 30c.

In FIG. 8, for example, 1t 1s assumed that the frequency
division number of the frequency divider 30c¢ 1s set at “17, the
frequency division number of the frequency divider 30e 1s set
at “4”, and the microcomputer set value 1s set at “186”. In this
case, the center frequency of the voltage controlled oscillator
304 oscillates at a rate four times higher than the recording
clock, that 1s, the channel rate. These values are determined
systematically based on the type of the disk, what multiple of
the normal recording speed, the oscillation limit of the volt-
age controlled oscillator, or the like.

Here, there will be described operations of the in-wobble
recording position shiit detecting circuit 102 and the record-
ing position controlling circuit 105 that control the recording
clock generating circuit 30 described above. In the following
description, 1t 1s assumed that the wobble slip determining
circuit 104 provides no information to the recording position
controlling circuit 105.

FIG. 9 1s a timing chart for illustrating an operation of
reflecting information about a recording position shiit within
one wobble (x4 wobble) 1n the recording clock phase.

In FIG. 8, the frequency divider 30c¢ divides the frequency
by one, the frequency divider 30e divides the frequency by
four, and the microcomputer-set initial value loaded to the
programmable counter 30/ 1s “186”. When the recording
starts, a sawtooth wave indicating the phase difference infor-
mation according to the recording clock 1s generated by a
divide-by-186 counter so that the phase thereof agrees with
ideal wobble positions.

Here, for the sawtooth wave, “-186"to “+185” are counted
on the assumption that the position of the top of each wobble,
that 1s, the position where a pre-pit can exist, 1s “0”. Here, in
order to mimimize the damage of an erroneous pre-pit detec-
tion, the sawtooth wave 1s generated only when the wobble
counter value 1s “0” to *“2”, at which a pre-pit can exist. At the
positions where no pre-pit can exist, the sawtooth wave 1s
forcedly set at “0”. The value represented by the phase dii-
terence information in the form of the sawtooth wave held 1n
synchronization with the pre-pit detection signal 1s a first
phase difference detection value.

As described above, a certain phase modulation 1s added to
the wobble signal according to the disk rotation. And the
phase difference information 1s indicated by the sawtooth
wave generated according to the recording clock generated
based on the wobble. Thus, as shown 1n the timing chart, the
phase difference information inevitably provides a certain
phase difference with respect to the pre-pit position.

The first phase difference detection value 1s cleared at the
point where generation of the sawtooth wave 1s started, or in
other words, when the wobble counter value 1s “0”. As a
result, the first phase difference detection value remains at the
cleared value “0” at the point where generation of the saw-
tooth wave 1s completed 1n a frame 1n which no pre-pit exists
(for example, “FRMA”="1"" 1n FIG. 9).

Furthermore, the first phase difference detection value 1s
determined each time a pre-pit 1s detected, and excessive
information 1s obtained at a part where many pre-pits are
concentrated. Thus, 1n this example, the first phase difference
detection values are thinned out for each frame to provide a
final detection value, and the final detection value 1sused as a
second phase difference detection value.

The second phase difference detection value 1s determined
at points 1 time “t7=0, 1, 2, 3, .. ., 13, at which the wobble
counter value 1s “3” 1n each frame. The second phase differ-
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ence detection value 1s determined by holding the first phase
difference detection value for each frame. Thus, a value other
than “0”, that 1s, a phase difference value can occur only in
any of the EVEN frame and the ODD frame 1in which a pre-pit
exist. The second phase difference detection value 1s masked
to be “0” for the frames 1n which no pre-pit exists.

A third phase difference detection signal 1s obtained by
applying a window (3 channel) to the second phase differ-
ence detection value, masking the phase difference value 1n
the window to be “0”, and limiting phase difference values of
“~4” or smaller, which are out of the window, to “-1" and
phase difference values of “+4” or larger, which are out of the
window, to “+17’.

The window 1s applied 1n order to minimize the damage of
an erroneous pre-pit detection and to avoid abrupt recording
phase recovery, which affects the reproduction performance.
Furthermore, the window 1s applied 1n order to prevent oscil-
lation of the recording clock generating operation as
described above.

As described above, if the third phase difference detection
value 1s “+17, 1t means that the recording position 1s shifted in
the advance direction by three or more channels, and i1 the
third phase difference detection value 1s “-17", 1t means that
the recording position s shifted in the lag direction by three or
more channels.

Now, an operation of feed backing the phase difference
information thus obtained to the recording clock phase will be
described.

Three third phase difference detection values of “-17°, “0”
and “+1” are mput to the adder 30q 1n the recording clock
generating circuit 30,

The adder 30a 1s set at the mnitial value “186” previously set
by the microcomputer, and the phase difference detection
value 1s subtracted from “186”.

As a result, the output of the adder varies in such a manner
that the output of the adder 1s “187” (186—(-1)) when the
phase difference detection value 1s “-17, the output of the
adder 15 “186” when the phase difference detection value 1s
“0”, and the output of the adder 1s “185” (186—(+1)) when the
phase difference detection value 1s “+17.

The clock obtained by the frequency divider 30e dividing
by four the original oscillation of the voltage controlled oscil-
lator 304 1s further divided by the output result of the adder
30a by the programmable counter 30f.

The result 1s input to the phase comparator/charge pump
30g, and the phase comparator/charge pump 30g operates 1n
the following manner when the programmable counter value
1s not the center value “186”.

When the outputresult of the adder 30a 1s “185”, the output
of the frequency divider 30e leads the locked wobble 1n the
phase comparator/charge pump 30g, and a phase error occurs
in the advance direction of the recording clock. The loop
operates to eliminate the phase error. As aresult, the recording
clock is controlled to lag (that 1s, so that the recording position
1s shifted 1n the lag direction).

On the other hand, when the output result of the adder 30a
1s 187", the recording clock 1s controlled to advance (that 1s,
so that the recording position 1s shifted in the advance direc-
tion).

As described above, 11 1t 1s determined that the recording
position 1s shifted 1n the advance direction (the third phase
difference detection value 1s “+17"), the recording clock 1s
adjusted 1n the lag direction, and 1f 1t 1s determined that the
recording position 1s shifted in the lag direction (the third
phase difference detection value 1s “-17"), the recording clock
1s adjusted 1n the advance direction. The control gain (recov-
ery amount) may be variable.
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As shown m FIG. 9, for example, the gain 1s set at the
mimmum value “1”, and only for one wobble period for
which the wobble counter value (“WBA[2:0]7) 1s “4” after 1t
1s known that the third phase difference detection value 1s a
value other than “0”, the value “+1” 1s added to the frequency
division number “186”.

Thus, the recovery amount 1s maintained to be one channel,
and there 1s a possibility that the phase difference detection
result occur which exceeds the window range for the subse-
quent pre-pit. In this case, the value “+1” 1s added for the
subsequent pre-pit position, and the recording position 1s
recovered slowly.

I 1t 1s desired that the recording phase 1s recovered faster
(in larger steps), the control period may be expanded. For
example, the control may be performed for three wobble
periods for which the wobble counter value “WBA[2:0]” 1s
“4”, 5 and “6”. In this case, the phase error amount of one
channel 1s accumulated for three periods, so that the recovery
amount 1s 3 channels. In this example, the gain (recovery
amount) can be increased to “8” at the maximum.

While the control amount for one wobble period 1s limited
to =1 this example, the control amount may be changed to +2,
3 ... 1n order to achieve faster recovery.

In this way, detection of a recording position shift and
control of the recording position within one wobble (x4
wobble) are achieved.

In the following, an operation of detecting a recording
position shift exceeding one wobble (x12 wobble) will be
described.

This operation may be performed solely 1n the optical disk
recording device 100. However, essentially, 1t 1s preferred that
this operation 1s performed in combination with the detection
of a recording position shift within one wobble (/2 wobble).

Detection of a recording position shift exceeding =%
wobble 1s performed primarly by the pre-pit distribution
detecting circuit 103 and the wobble slip determiming circuit
104.

FI1G. 10 1s a diagram showing a configuration of essential
parts of the pre-pit decoder 27, the pre-pit distribution detect-
ing circuit 103 and the wobble slip determining circuit 104.

As for the operation of the pre-pit decoder 27, as described
above, 1t 1s determined whether a binarized pre-pit 1s present
or absent in each wobble, and any pre-pit 1s decoded using the
synchronizing counters 27a, 27b and 27 ¢ that make a count
according to the locked wobble.

In this embodiment, the synchronizing counters 27a, 275
and 27c¢ for pre-pit decoding have to be mnhibited from being
resynchromized with each other after the recording 1s started.
That 1s, the synchronizing counters 27a, 27b and 27¢ have to
be kept 1n a free run state during recording.

The pre-pit distribution detecting circuit 103 recerves the
binarized pre-pit signal (LPPDET), the values o the synchro-
nizing counters and a carrier signal (which occurs when
“WBAJ2:0]1”="7") of the value (“WBA[2:0]”) of the wobble
counter, the lowest significant counter from the pre-pit
decoder 27.

A decoding circuit 103a 1n the pre-pit distribution detect-
ing circuit 103 decodes the value of the input wobble counter
value “WBAJ[2:0]” and outputs a decode result signal
“WBAEQ[7:0]”. The output result and the “LPPDET” signal
are mmput to a two-mput AND, and the AND generates a
“WBAJ7:0]UP” signal. The “WBA[7:0]UP” signal 1s input as
a clock signal to each of “WBA=0" to “WBA=7"" counters.
Each of these counters receives a “RESET™ signal output
from a timing controlling circuit 1035 and 1s reset at a desired
timing. The output results of the “WBA=0" to “WBA=7"
counters are mput to “WBA=0" to “WBA=7"" latch circuits,
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respectively, and latched with a “SE'T” signal output from the
timing controlling circuit 1035. The latch results are output to
the wobble slip determining circuit 104 in the form of “WBA
[7:0]SUM?” values.

Now, an operation of the pre-pit distribution detecting cir-
cuit 103 configured as described above will be described.
FIG. 11 1s a timing chart showing output waveforms of com-
ponents of the pre-pit distribution detecting circuit 103.

As shown i FIG. 11, the “WBAEQ[7:0]” signals are
obtained by decoding the wobble counter values “WBA[2:0]
”. When the “WBA[2:0]"="0", the “WBAEQO” signal 1s set
at “H”, when the “WBA]2: O]"”Z“l”, the “WBAEQ1”" signal 1s
set at “H”, and so on. And when the “WBA|[2:0]7="7", the
“WBAEQ7” signal 1s set at “H”.

The “WBA[7:0]UP” signals are results of AND operation
of the “WBAZQ[7 0] signals and the LPPDET signal. For
example, in FIG. 11, ata poimntin time “FRMA[4:0]7="0", the
EVEN SYNC pattern shown 1n FIG. 2B exists. Therefore the
“WBAOUP”, “WBAI1UP” and “WBA2UP” signals are active
(the “H” pulse occurs).

In response to the “WBA[7:0]” signals, the counters
“WBAJ7:0]CTR” are counted up. The counters “WBA[7:0]
CTR” are reset to “0” when the “RESET” signal 1s “L”. The
count results of the counters “WBA][7:0]CTR” are held when
the “SET” signal 1s “H” and defined as “WBA[7:0]SUM”
values.

The “SET” signal rises when “SCTA[3:0]”="0", “FRMA
[4:0]7="0" and “WBA[2:0]”="0", that 1s, at the phase of the
leading wobble of the ECC block.

The “RESET” signal rises to “H” after the “SE'T” signal
rises and before a pre-pit position that can appear at a position
where “WBA[2:0]7="0".

Through the procedure described above, the number of
detected pre-pits (“WBA[7:0]SUM”) for each of the values
“07,“17, 27, ..., “7” of the “WBA[2:0]” signals for each
ECC block 1s determined.

FIGS. 12A to 12C are bar graphs showing “WBA[7:0]
SUM” values 1n a case where the slice level for the pre-pit

signal 1s appropriate. FIGS. 13A to 13C are bar graphs show-
ing “WBA[7:0]SUM” values in a case where the slice level

tor the pre-pit signal 1s high. FIGS. 14 A to 14C are bar graphs
showing “WBA[7:0]SUM” values 1n a case where the slice
level for the pre-pit signal 1s low.

FIG. 12A shows “WBA[7:0]SUM” values 1n a steady state
where pre-pits can be detected correctly.

As described above, the pre-pit format exists 1n any of the
EVEN frame and the ODD frame. The bit pattern 1s any of
“111000007, 110000007, “10100000” and “10000000™.

Thus, when the value “WBAJ2:0]” of the wobble counter
that makes a count 1n a frame 1s “0”, pre-pits exist every two

frames. As aresult, 11 the pre-pits are counted without fail, the
“WBAOSUM” value 1s “208”, which i1s a half of the number

of frames 1n one ECC block (26 by 16).

Similarly, when “WBA[2:0]”="1"", pre-pits exist only in
the SYNC frame (frame “0” or frame “17). As a result, if the
pre-pits are counted without fail, the “WBA1SUM?” value 1s
“16”, which 1s a half of 32, which 1s the number of SYNC
frames (frames “0” and “1”’) 1n one ECC block.

When “WBA[2:0]7="2", pre-pits exist 1f the pre-pit data
pattern 1s the bit-1 pattern, but pre-pits don’t exist it the
pre-pit data pattern 1s the bit-0 pattern. Thus, the
“WBA2SUM?” value 1s not determined. However, there 1s no
possibility that all the pre-pit data 1n one ECC block 1s 1n the
bit-0 pattern or bit-1 pattern. The relative address value
described above assumes “Oh’ to “Fh”. Thus, 1n this case, the
b1t-0 pattern and the bit-1 pattern each appear at least 32
times. Thus, the minimum value “32” 1s assured.
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As for the pre-pit data other than the relative address, a
parity exists according to the Reed Solomon coding. Thus,
there 1s no possibility that all the pre-pits assume a bit <17,

although there 1s a possibility that all the pre-pits assume a bit
“0”. Thus, the “WBA2SUM” value 1s equal to or larger than

32 and smaller than 208 and 1s indicated by a dashed line 1n

the bar graph.
In the other wobble periods, because “WBA[7:3]SUM” 1s

a position in which no pre-pit exists, so the number of
detected pre-pits 1n one ECC block 1s “07, 11 the pre-pits can
be detected without fail with such a high precision that erro-

neous detection does not occur.

While FIG. 12A shows a steady state, FIG. 13A shows
“WBAJ7:0]SUM” values 1n a case where the pre-pit slice
level 1s high, and noise 1s likely to be detected, that 1s, a case
where erroneous detection of pre-pits 1s likely to occur, for
example.

As shown in FIG. 13 A, since erroneous detection 1s likely
to occur, 1n the “WBA[7:3|SUM” value, for which no pre-pit
would otherwise exist, occurs. However, when pre-pits are
erroneously detected, the possibility that detection of pre-pits
tails 1s low. Thus, the bar graph 1s ofiset upward in whole
compared with the bar graph shown in FIG. 12A.

FIG. 14A shows “WBA[7 0]SUM” values 1n a case where
the pre-pit slice level 1s low, and some pre -pits fail to be
detected. In this case, the bar graph 1s ofiset downward 1n
whole compared with the bar graph shown 1n FIG. 12A due to
the failure of detection.

FIGS.12A, 13A and 14A all show cases where the wobble
PLL operates without slip.

However, as described above, a situation may occur in
which the wobble signal 1s not normally reproduced due to the
elfect of a scratch or the like. FIG. 15 shows a wavetorm of the
locked wobble and wobble counter values (“WBA[2:0]”) in a
case where the wobble signal 1s not normally reproduced due
to a scratch or the like.

As shown 1n FIG. 15, a situation may occur in which the
locked wobble generated by the wobble PLL circuit 26 is
shifted by one wave 1n the lag or advance direction.

For example, as shown 1n FI1G. 15, 1f the recording position
passes through a scratch, the locked wobble 1s shifted by one
wave. As a result, as indicated by the dotted line, the pre-pit
positions are shitted, and the pre-pits appear at positions <77,
“0” and “1” (when a lag occurs) and the pre-pit positions are
shifted, and the pre-pits appear at positions “17, “2” and “3”
(when an advance occurs). Ideally, the pre-pits appear at
positions where the wobble counter value (“1WBA[2:0]”) 1s
“07, “1” and “2”.

In this case, the graphs of the “WBA[7:0]SUM” values in
FI1G. 10 are shifted as shown 1n FIGS. 12B, 12C, 13B, 13C,
14B and 14C.

FIG. 16 1s a timing chart showing temporal changes of the
“WBAJ[7:0]SUM” values 1in a case where no wobble slip
occurs. FIG. 17 1s atiming chart showing temporal changes of
the “WBA[7:0]SUM” values 1n a case where a wobble slip
occurs 1n the lag direction. FIG. 18 1s a timing chart showing
temporal changes of the “WBA[7:0]SUM” values 1n a case
where a wobble slip occurs 1n the advance direction.

Each of the “WBA][7:0]SUM” values 1s determined for
cach ECC block. For example, the number of detected pre-

pits for an N-th block 1s determined at the leading edge of an
(N+1)-th block. Each of the “WBA[7:0]SUM” values 1s

determined for each ECC block (sector address (SCTA[3:0])
:GGO?’?))‘

FIG. 16 shows a case where no wobble PLL slip occurs,
and the “WBA[7:0]SUM” values vary as shown in FIG. 12A.
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FIG. 17 shows a case where awobble PLL slip occurs in the
lag direction due to lack of a wobble signal due to a scratch or
the like. As shown 1n FIG. 17, a wobble slip occurs 1n the
(N+3)-th block. If the wobble PLL slips 1n the lag direction,
the positional relationship between the pre-pits and the
locked wobble 1s shifted. As a result, the pre-pits, which
would otherwise be detected at positions where the wobble
counter value “WBA[2:017="0", *“1” and “2”°, appear at posi-
tions where the “WBA[2:0]” value="7", “0” and *“1” 1n the

(N+4)-th and the following blocks (the pre-pit positions are
determined 1n the (N+5)-th block).

FIG. 18 shows a case where awobble PLL slip occurs in the
advance direction due to lack of a wobble signal due to a
scratch or the like. As shown in FIG. 18, a wobble PLL slip
occurs 1n the (N+4)-th block. If the wobble PLL slips 1n the

advance direction, the positional relationship between the
pre-pits and the locked wobble 1s shifted, and the pre-pits,
which would otherwise be detected at positions where the
wobble counter value “WBA[2:0]7="0"", “1” and “2”, appear
at positions where the “WBAJ[2:0]” value=*1", “2” and *“3” 1n
the (N+5)-th and the following blocks (the pre-pit positions

are determined 1n the (N+6)-th block).

When a wobble slip occurs, resynchronization of the pre-
pit decoder 27 would otherwise be conducted, and the “WBA
[2:0]” counters would operate to correct the one-wave shitt.
However, 1f the resynchronization 1s ihibited as described
above, the pre-pit decoder 27 1s in the free run state, and this
state 1s maintained.

In FIGS. 16 to 18, the phrase “wobble slip determination
result” means the result of wobble slip determination by the
wobble slip determining circuit 104 based on the pre-pit
distribution.

In the following, a reference for wobble slip determination
based on the pre-pit distribution for each wobble will be
specifically described.

The wobble slip determining circuit 104 recerves the
“WBAJ7:0]SUM” values and determines that no slip occurs
if the “WBAOSUM” value 1s the maximum value, that a slip

occurs 1n the lag direction if the “WBA7SUM” value 1s the
maximum value, and that a slip occurs 1n the advance direc-

tion if the “WBA1SUM” value 1s the maximum value.

The determination of the maximum value 1s performed
under the following conditions, for example.

First, the maximum value and the second maximum value
are compared, and the difference 1s equal to or more than 30
(as for this value, a recommendation value has to be deter-
mined from an experimental value or the like), for example.

Second, the maximum value 1s equal to or more than 160
and equal to or less than 232 (also as for this value, a recom-
mendation value has to be determined from an experimental
value or the like).

The first condition 1s imtended to address a case where a
wobble slip occurs 1n the middle of an ECC block, and it 1s
difficult to determine whether the pre-pit distribution changes
or not and to determine whether a wobble slip occurs or not
from the pre-pit distribution for that block (the results of the
(N+3)-th block in FIG. 17 and the (N+4)-th block in FIG. 18).
Furthermore, the first condition 1s provided because, even 1n
the steady state, the difference between the “WBAOSUM”
value and the “WBA2SUM” value 1s small depending on the
pre-pit data pattern.

The second condition 1s provided because, 1n the case
where quite many pre-pits are erroneously detected, the rela-
tivity of the “WBA[7:0]SUM” values themselves are low.

Basically, the pre-pit slice level 1s preferably set at a low level
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to some extent so that detection or noise 1s prevented (the
number of erroneous detections decreases) (FI1G. 14 of FIGS.
12 to 14).

In the case where the wobble slip determination 1s per-
formed after the maximum of the “WBA[7:0]SUM” values 1s
determined, for example, the maximum value may be deter-
mined from three, “WBAOSUM”, “WBAISUM” and
“WBA7SUM?” values of the “WBA[7:0]SUM?” values. Alter-
natively, the maximum value may be determined from five,
“WBAOSUM”, “WBA1SUM”, “WBA2SUM”,
“WBA6SUM” and “WBA7SUM” values of the “WBA[7:0]
SUM?” values. In this case, the circuit size can be reduced.

Furthermore, to improve the wobble slip detection preci-
s10m, a pair of the maximum value and the second maximum
value may be detected, rather than detecting only the maxi-
mum value. For example, under the DVD-R/RW standard, the
“WBAOSUM” value 1s the maximum, and the “WBA2SUM”
value 1s the second maximum. Based on this relationship, for
example, 1t can be determined that one wobble slip occurs 1n
the lag direction when the “WBA7SUM” value 1s the maxi-
mum value, and the “WBA1SUM” value 1s the second maxi-
mum value. And, 1t can be determined that one wobble slip
occurs inthe advance direction when the “WBA1SUM” value
1s the maximum value, and the “WBA3SUM?” value is the
second maximum value.

For example, according to the DVD-R/RW standard, the
third maximum value 1s “16”. Therelore, 1t 1s determined that
one wobble slip occurs 1n the lag direction if the third maxi-
mum value 1s shifted from the “WBAISUM” to the
“WBAOSUM”. On the other hand, 1t 1s determined that one
wobble slip occurs 1n the advance direction 11 the third maxi-
mum value i1s shifted from the “WBAISUM” to the
“WBA2SUM”.

For any of the determination methods described above, the
wobble shift determination may be based on the number of
detected pre-pits within a range larger or smaller than one
ECC block, rather than based on the number of detected
pre-pits within one ECC block. However, the 1llustrated one
ECC block 1s a reasonable range because the detection accu-
racy increases as the number of population parameters
increases, and the detection time becomes shorter as the num-
ber of population parameters decreases.

The wobble slip detection result obtained through the pro-
cedure described above (one wobble shift 1n the lag direction,
0, one wobble shift in the advance direction, unable to deter-
mine) 1s output to a control MPU.

In the case of a system for which a recording position shift
equivalent to or more than one wobble 1s fatal, the system
controller 31 may use the result as a criterion to stop record-
ng.

On the other hand, for DVD recorders and DVD camcord-
ers for consumer use, for example, data 1s recorded on a disk
in real time, and it 1s not desirable to stop recording. In such
a case, 1n order to prevent overwriting of recorded data or a
gap 1n the recording area at the time of next recording, the
recording position has to be gradually recovered before the
recording 1s stopped.

In the following, there will be described an operation of
correcting the recording position in response to the wobble
slip detection result.

As shown 1 FIG. 1, the result of determination by the
wobble slip determining circuit 104 may be output to the
system controller 31 via the recording position controlling
circuit 105.

The pre-pit distribution detecting circuit 103 and the
wobble slip determining circuit 104 operate in the same way
as described above.
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The recording position controlling circuit 105 receives the
recording position shiit information for each channel bit out-
put from the i-wobble recording position shift detecting
circuit 102 and the position shift information for each wobble
obtained by the wobble slip determining circuit 104 and out-
puts the recording position shift mnformation to the system
controller 31 and the recording clock controlling information
to the recording clock generating circuit.

Basically, as for the recording position shiit information,
the system controller 31 can determine whether to stop
recording or not based on the position shift amount.

In the following, an operation of correcting the recording,
position will be described.

FIG. 19A 1s a timing chart showing operations of the
recording position correction for each channel (within one
wobble) described above and the recording position correc-
tion based on the wobble slip determination in a case where a
wobble slip occurs 1n the lag direction. FIGS. 19B to 19D are
enlarged diagrams of parts of FIG. 19A.

The phase difference detection value for each channel 1s
equivalent to the second phase difference detection value
shown in FI1G. 9. The frequency division number 1s equivalent
to the frequency division number set 1n the programmable
counter 30/ 1n the recording clock generating circuit 30 shown
in FIG. 8.

In the above description, the frequency division number 1s
set for each wobble, and “+1” 1s added to the 1nitial value
“186” of the frequency division number only for one wobble
aiter the phase difference information 1s obtained. Here, how-
ever, because of space limitation, “+1” 1s added for each
frame.

For the phase difference value for each channel, a window
1s provided as described above. In this example, “+1” 1s added
to the frequency division number 11 the phase difference value
1s equal to or smaller than “-4”, and “-1" 1s added to the
frequency division number if the phase difference value 1s
equal to or larger than “+4”.

As shownin FIGS. 19A to 19D, during recording, a wobble
slip occurs 1n the lag direction 1n the N-th block.

The wobble slip determination for the N-th block (which 1s
determined 1n the (N+1)-th block) 1s “unable to determine”.
And, the result for the (N+1 )-th block (which 1s determined in
the (N+2)-th block) 1s “slip 1n the lag direction”.

In FIGS. 19B to 19D, parts where the phase difference
value for each channel exceeds the window range are sur-
rounded by ellipses. The parts surrounded by the ellipses
drawn by the solid line show that the phase difference detec-
tion result for each channel that exceeds the window affects
the frequency division number (default values1s “1867") in the
recording clock generating circuit 30, and the recording posi-
tion 1s adjusted.

The parts surrounded by the ellipses drawn by the dotted
line show that the phase difference detection result for each
channel that exceeds the window does not afiect the fre-
quency division number.

In a period 1n which the wobble slip information indicates
“~1” 1 the (N+2)-th block, the wobble slip information,
which indicates a larger shiit, 1s given a priority, and the phase
difference detection result for each channel 1s 1ignored. The
phase difference detecting circuit 101 shown 1n FIG. 1 gives
the prionity. In the (N+2)-th block, the frequency division
number 1s set at “187” over (186 by 2) wobbles. As a result,
recovery Irom the shift1s bought about by 186 channels. If the
frequency division number 1s changed only for one wobble 1n

two frames, recovery from the recording position shift due to
the wobble slip 1s brought about in (186 by 2) frames. After
that (following the 15th sector in the (N+2)-th block FRMA
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[4:0]=8), the wobble slip information 1s reset to “0”, and the
phase difference detection result for each channel 1s adopted
again.

As shown 1n FI1G. 19D, the “WBA]2:0]” counter advances
the count by one wave at the same point in time when FRMA
[4:0] changes from 7 to 8. This 1s intended to be ready for
subsequent wobble slips by making a correction for pre-pits
to recover to predetermined positions 1n response to elimina-
tion of the wobble slip.

Since the “WBA” counter 1s nonlinear i this way, the
wobble slip detection result in the (N+2)-th block 1s forced to
be “unable to determine™.

On the other hand, FIG. 20A 1s a timing chart showing
operations of the recording position correction for each chan-
nel (within one wobble) described above and the recording
position correction based on the wobble slip determination in
a case where a wobble slip occurs 1n the advance direction.
FIGS. 20B to 20D are enlarged diagrams of parts of F1G. 20 A.

The parts surrounded by the ellipses drawn by the solid line
show that the phase difference detection result for each chan-
nel that exceeds the window afiects the frequency division
number (default values 1s “186”) 1n the recording clock gen-
erating circuit 30, and the recording position 1s adjusted.

The parts surrounded by the ellipses drawn by the dotted
line show that the phase difference detection result for each
channel that exceeds the window does not afiect the fre-
quency division number. In this example, the phase difference
detection result for the advance direction for each channel 1s

1gnored, and the wobble slip detection result for the advance
direction for the (N+2)-th block 1s adopted.

In FIG. 20D, the “WBA[2:0]” counters make a correction
by counting one extra wave at the point in time when FRMA
[4:0] changes from 7 to 8.

The correction by the “WBA[2:0]” counters may not be
performed, and the subsequent wobble slips may be
addressed with reference to the one-wave-shifted state.

For example, referring to F1G. 19D, the “WBA[2:0]” count
value 1s not changed 1n the (A) region, and the one-wave-lag
state 1s used as a reference for determination of the subse-
quent wobble slips. It 1s determined that no slip occurs when
the “WBA7SUM” 1s the maximum value. And 1t 1s deter-
mined that a wobble slip occurs 1n the lag direction when the
maximum value 1s shifted to the “WBA6SUM”. It 1s deter-
mined that a wobble slip occurs in the advance direction when
the maximum value 1s shifted to the “WBAOSUM”.

Similarly, referring to FIG. 20D, the one-wave-advance
state 1s used as a reference for determination of a wobble slip.
It 1s determined that no slip occurs when the “WBA1SUM” 1s
the maximum value. And it 1s determined that a wobble slip
occurs 1n the advance direction when the maximum value 1s
shifted to the “WBA2SUM?”. It 1s determined that a wobble
slip occurs 1n the lag direction when the maximum value 1s
shifted to the “WBAOSUM”.

As for the control of the recording clock for recovering the
recording position, the gain may be changed as described
above.

In this way, the system controller 31 may perform the
wobble slip determination.

As described above, the optical disk recording device
according to this embodiment stops recording or controls the
recording clock to recover the recording position to the cor-
rect position without stopping recording 1f the optical disk
recording device detects a recording position shiit.

Thus, overwriting of recorded data or occurrence of a gap
in the recording area can be prevented during incremental
writing, and the reliability of the recorded data on the optical
disk can be assured.
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What 1s claimed 1s:

1. An optical disk recording device that detects a shift of the
recording position with respect to an optical disk, comprising;:

a pre-pit distribution detecting circuit that detects the dis-
tribution of pre-pits for a plurality of wobbles based on
binarized pre-pit signals obtained by binarizing pre-pit
signals corresponding to pre-pits on said optical disk and
a wobble counter value obtained by counting said bina-
rized pre-pit signals 1n synchronization with a locked
wobble, which 1s a wobble signal having a period cor-
responding to a wobble on said optical disk and fixed in
phase;

a wobble slip determining circuit that compares the distri-
bution of said pre-pits detected by said pre-pit distribu-
tion detecting circuit and a reference pre-pit distribution
corresponding to a desired recording position, thereby
determining the shift amount of the recording position
with respect to said desired recording position for each
wobble; and

an 1-wobble recording position shift detecting circuit that
holds, 1n synchromization with said binarized pre-pit
signals, a counter value associated with the phase of said
wobble obtained by dividing the frequency of a record-
ing clock and counting frequency-divided recording
clocks, and detects the shift amount of said recording
position based on said held counter value.

2. The optical disk recording device according to claim 1,
turther comprising: a pre-pit decoder that has a synchronizing
counter which makes a count according to the locked wobble.

3. The optical disk recording device according to claim 2,
wherein the pre-pit decoder determines whether the binarized
pre-pit 1s present or absent 1n each wobble, and decodes any
pre-pit using the synchronizing counter.

4. The optical disk recording device according to claim 2,
wherein the synchronizing counter has to be kept in a free run
state during recording.

5. The optical disk recording device according to claim 1,
wherein said pre-pit distribution detecting circuit has a
decoding circuit, a counter that recerves decode results from
decoding circuit, a latch circuit that 1s set up with respect to
the counter, and a timing controlling circuit.

6. The optical disk recording device according to claim 2,
wherein said pre-pit distribution detecting circuit has a
decoding circuit, a counter that recerves decode results from
decoding circuit, a latch circuit that 1s set up with respect to
the counter, and a timing controlling circuit.

7. The optical disk recording device according to claim 6,
wherein the decode circuit decodes a counter value made by
the synchronizing counter and outputs the decode result,

the counter 1s reset according to a reset signal outputted
from the timing controlling circuit,

the latch circuit latches output results of the counter with a
set signal outputted from the timing controlling circuit
and output latch results to the wobble slip determining,
circuit.

8. The optical disk recording device according to claim 1,

further comprising:

a recording clock generating circuit that outputs said
recording clock based on said locked wobble,

wherein said recording clock generating circuit corrects
the phase of said recording clock based on said record-
ing position shift amount to correct said recording posi-
tion to said desired recording position.

9. The optical disk recording device according to claim 8,

turther comprising:

a recording position controlling circuit that outputs a signal
to control said recording clock generating circuit or a
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signal to stop recording onto said optical disk based on at 12. The optical disk recording device according to claim 1,
least one of the result of determination by said wobble further comprising:
slip determining circuit and the result of detection by a pick-up that emits laser light to an optical disk and reads
said in-wobble recording position shiit detecting circuit. the reflection light;

10. The optical disk recording device according to claim 9, 5 a matrix amplifier that calculates and generates a pre-pit
wherein said recording position controlling circuit outputs signal, a wobble signal and a servo error signal from a
the signal to control said recording clock generating circuit to reproduction signal from the pick-up;
make said recording clock generating circuit correct the a servo controlling circuit that controls operations of the
phase of said recording clock to correct said recording posi- pick-up based on the servo error signal;
tion to said desired recording position 1f said wobble slip 10 a disk motor that drives the optical disk;
determining circuit determines that no recording position a laser driving circuit that drives a laser of the pick-up
shift occurs for each wobble, and said in-wobble recording based on a recording signal; and
position shift detecting circuit detects a recording position a disk motor controlling circuit that controls the rotation of
shift. the disk motor.

11. The optical disk recording device according to claim 1, 15
wherein said optical disk 1s a DVD-R/RW. I
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